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ABSTRACT 


A  diversity-ooabinlng  teohnique  la  desaribed  whioh  reduces  fre¬ 
quency  distortion  caused  by  multipath  propagation  in  higWroquonoy, 
single-  or  double-sideband,  voice,  radio  transmission.  By  repetitively 
sweeping  a  null  through  the  vertical  polar  pattern  of  the  receiving  an¬ 
tenna,  the  relative  amplitude  of  signal  components  arriving  by  the  vari¬ 
ous  propagation  modes  is  varied  at  a  rate  which  is  high  compared  with 
the  highest  audio  modulating  frequency.  A  running  average  of  the  time- 
varying  resultant  of  the  various  mode  voltages  is  diode  rectified  to 
extract  the  audio  intelligence.  Mode-interfertnee-caused  transmission 
nulls  at  particular  frequencies  in  the  radio  epeotru*  are  filled  in  by 
this  averaging  process.  The  technique  requires  no  more  equipment  than 
conventional  combining  and  would  appear  to  offer  superior  performance. 
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I .  INTRODUCTION 


The  following  is  concerned  with  reducing  the  frequency  distortion 
encountered  in  voice  ojubroadband  data  transmission  over  high-frequency 
radio  circults'subject  to  selective  fading.  The  term  "frequency  dis¬ 
tortion"  used  here  has  the  same  meaning  as  in  audio-amplifier  practice 
and  has  reference  to  the  steady-state  amplitude-of-transmission-vs-modu- 
lat ion-frequency  characteristic  of  the  radio  circuit.  As  a  result  of 
selective  fading,  this  characteristic  is  not  flat;  mode  interference  re¬ 
sults  in  the  existence  of  one  or  more  nulls  lying  within  the  bandwidth 
of  a  voice  channel.  As  the  ionosphere  changes,  the  position  of  these 
nulls  in  the  spectrum  drifts.  When  the  position  of  a  transmission  null 
coincides  with  that  of  the  carrier  of  an  amplitude-modulated  transmis¬ 
sion,  severe  amplitude  distortion  due  to  overmodulation  occurs  if  the 
receiver  detector  is  a  simple  diode.  Even  when  the  Carrier  is  strong, 
and  such  overmodulation  does  not  occur,  the  presence  of  drifting  trans¬ 
mission  nulls  at  other  frequencies  within  the  passband  causes  changes  in 
audio  quality  which  are  unnatural  and  which  detract  from  intelligibility. 
The  audible  effect  of  these  nulls  can  be  simulated  in  the  case  of  clean 
program  material  by  slowly  tuning  a  comparatively  broad  "notch  filter" 
through  the  audio-frequency  range.  • 

Simple  diversity  combiners  [Ref.  l]  intended  for  radiotelephone  use 
eliminate  the  carrier  dropouts  but  do  not  improve  the  frequency  distor¬ 
tion.  The  following  note  will  describe  an  alternative  approach  to  diver¬ 
sity  combining  in  which  a  special  kind  of  average  is  automatically  taken 
of  the  contributions  of  the  several  modes  which  may  be  present  to  trans- 
mission  at  eaoh  audio  frequency. 
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II.  STATEMENT  OF  THE  PROBLEM 


Figure  I  shows  the  way  in  which  frequency  distortion  in  hf  trans¬ 
mission  arises.  In  part  (a)  it  is  assumed  that  only  one  ionospheric 
path  exists  between  a  given  transmitter  and  receiver,  a  circumstance  en¬ 
countered  comparatively  seldom  in  practice.  In  this  situation  there  can 
be  no  multipath,  and  the  amplitude  of  transmission  over  the  intelligence 
bandwidth  will  be  independent  of  the  radio  frequency. 

In  Fig.  l(b),  two  transmission  paths  are  shown,  one  an  upper  ray 
and  the  other  a  lower  ray.  Except  for  certain  special  situations,  two 
such  rays  will  always  be  present  in  one-hop  transmission.  In  the  state 
of  affairs  illustrated,  it  is  assumed  that  the  paths  of  the  two  rays  do 
not  diverge  appreciably.  Therefore,  the  transmission  time  delay  will  be 
nearly  the  same  for  both  paths,  and  the  amplitude  of  transmission  for 

both  will  be  nearly  the  same.  some  radio  frequency,  marked  by  the 
arrow  in  Fig.  l(b),  the  phase  of  continuous-wave  energy  transmitted  over 
one  path  will  be  opposite  to  that  transmitted  over  the  other,  and  can- 

ft 

cellation  of  the  resultant  signal  will  result.  At  frequencies  to  either 
side  of  this  "null  frequency",  the  two  individual-path  contributions 
will  no  longer  be  in  precise  phase  opposition,  and  partial  transmission 
will  take  place. 

If  the  radio  frequency  departs  sufficiently  from  the  null  frequency, 
a  point  in  the  spectrum  will  usually  be  found  at  which  cancellation  once 
again  takes  place.  The  frequency  separation  between  nulls  is  related  to 
the  difference  in  transmission  time  delay  of  the  two  paths  (Ref.  2],  If 
the  delay-time  difference  is  small,  the  spacing  of  the  nulls  In  the  fre¬ 
quency  spectrum  is  large. 

In  part  (c)  of  the  figure,  an  important  practical  ease  Is  shown, 
where  interference  occurs  between  the  one-hop  and  the  two-hop  modes*  Ih 
practice,  the  spread  in  propagation  delay  times  encountered  in  ionospheric 
transmission  will  normally  not  exceed  2  msec*  It  follows  from  this  that 
the  minimum  spacing  between  transmission  nulls  in  the  frequency  spectrum 
is  in  the  order  of  500  ops.  The  position  of  these  nulls  in  the  spectrum 
is  subject  to  continuous  change,  owing  to  motion  of  the  ionospheric  lay¬ 
ers,  which  alters  the  phase  relationships  between  the  signal  contributions 
delivered  by  the  various  modes. 
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STCADYaS  TATE  AMPLITUDE  STEADY  .STATE  AMPLITUDE  STEADY-STATE  AMPLITUDE 

OP  TRANSMISSION  OF  TRANSMISSION  OF  TRANSMISSION 


IONOSPHERE 


(a)  On*  mod*  pr*f*nt;  ‘flat’  (t.e,  non-ielective)  fading 


FREQUENCY  AT  WHICH  SIGNALS 

PROPAGATED  BY  THE  TWO  PATHS  IONOSPHERE 


(b)  Two  modes  (upper  and  lower  ray)  preient;  (elective  lading;  null  momentarily  cloi*  to  the 
middle  of  the  audio  band;  null  spacing  wide  IONOSPHERE 


h  INTELLIGENCE 
{«<g*  VOICE J 

bandwidth 


JeJ  Two  model  (one  Lop  and  two  )iop}  preientf  ie|e«th>e  fadtngf  two  n«tti  wttKTn  ovdio  Land) 
ntill  ipactng  ^oifaw 


FI0.1.  FREQUENCY  DISTORTION  DUE  TO  MtfUTtPATH  PROPAGATION. 
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It  should  be  noted  that  the  transmlssion-vs-f requenoy  curves  of 
Fig.  1  apply  to  the  case  of  steady-state  signals.  By  "steady  state"  is 
implied  that  signal  components  at-or  very  close  to-a  given  radio  fre¬ 
quency  endure  for  a  time  interval  long  compared  with  the  relative  mode 
delay  times.  In  the  case  of  speech  transmission,  the  steady-st.t*  pic¬ 
ture  is  valid  for  most  oi  the  high-energy  voice  eomponents,  which  have 
relatively  long  durations.  However,  some  speech  sottods.  such  as  frica¬ 
tives  and  sibilants,  are  highly  transient.  When  a  2-msec  relative  time 
delay  is  present,  a  l-msec  transmitted  impulse  will  appear  to  be  doubled 
in  duration  at  the  receiver.  In  this  situation,  the  steady-state  view¬ 
point  is  meaningless,  and  the  averaging  procedure  proposed  in  this  note 
offers  no  advantage.  However,  much  of  the  time,  the  inter-*. 
time-delay  differences  of  significance  will  fall  in  the  200  to  500-ps 
range.  This  is  especially  true  of  the  shorter  (l.e..  ««r.l  thousand 
kilometer)  transmission  paths,  in  this  situation,  mod.  averaging  to  re¬ 
duce  frequency  distortion  should  offer  real  adv.nt.ga  in  transmission  of 

both  speech  ahd  music. 
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III.  PROPOSED  SOLUTION 


Consider  the  two-mode  situation  of  Fig,  l(c).  If,  at  the  radio 
frequency  at  which  a  null  occurs,  some  means  aan  be  found  to  upset  the 
equality  of  transmission  via  the  two  modes,  or  to  render  the  relative 
phase  of  the  two  voltages  thus  delivered  to  the  receiving  antenna  other 
than  opposite,  the  null  could  be  removed,  or  at  least  shifted  to  another 
radio  frequency.  The  problem  is  to  find  a  way  to  do  this  continuously 
and  automatically,  so  that  no  attention  on  the  part  of  an  operator  Is 
required. 

To  alter  the  relative  amplitude  (and,  a#  aa  incidental,  the  relative 
phase)  of  the  two  downcoming  rays  of  Fig.  i(c),  It  id  possible  to  use 
variable  antenna  directivity  as  Shown  in  Fig.  2(b).  Since  high-frequency 
propagation  to  a  first  approximation  lies  In  the  great-circle  plane  pass¬ 
ing  through  transmitter  and  receiver,  a  steerable  null  In  the  vertical 
polar  pattern  of  the  receiving  antenna  is  needed  to  alter  relative  mode 
amplitudes.  The  null  can  be  adjusted  so  ss  to  reject  a  particular, mode, 
or  received-signal  component. 

Such  a  null  could  be  provided  by  means  of  an  interferometer  arrange¬ 
ment  similar  to  that  shown  in  fig.  2(a).  Antennas  spaced  vertically  one 
above  the  other  are  shown,  but  two  antennas  of  the  same  height  spaced  a- 
long  the  great-circle  direction  to  the  distant  transmitter  could  also  be 
used.  The  objective  fa  either  Case  Is  to  generate  a  polar  pattern  which 
approximates  the  Ideal  form  Shown  in  fig.  2(b).  By  varying  the  phase  of 
the  phase  shifter  Illustrated  la  fig.  2(a),  it  is  assumed  that  a  null 
will  be  caused  to  move  through  the  vertical  polar  pattern  of  the  inter¬ 
ferometer,  The  three  parts  ot  Fig.  8(b)  represent  patterns  obtained  with 
three  different  setting*  of  the  phase  shifter  of  Fig.  2(a). 

Part  Co)  Of  fig.  8  Shows  the  effect  on  the  relative  phase  and  ampli¬ 
tude  Of  the  two  inoominf  node  voltsges.  Of  sotting  the  pattern  null  to 
these  three  positions.  Fire!  on*  node  i*  discriminated  against,  and  then 
the  other. 

The  resultant  voltage  delivered  to  the  receiver  for  each  of  the  three 
antenttt  patterns  IS  shown  in  thO  pbasor  diagrams  of  parts  (d),  (e)  and  (f ) 
of  fig.  g,  The  variation  Of  this  resultant  voltage  with  the  position  of 


(b)  Idealized  polar  pattern*  corretpondlng  ta  three  different  tattings  of  tbe  photo  thifter  of  (o) 


(e)  Propagation  path*  of  Fig.  1(e)  tuperlmpoted  on  potternt  of  (b) 


RESULTANT^  1 


'RESULTANT 


.RESULTANT 


(d)  Photar  diagram*,  thawing  interferometer  output  for  the  three  phote-thifter  totting*  of  port  (e).  ottuming 
voitoget  f*%m  poth*  1  o no  2  initially  in  phot# 


RESULTANT 


\  RESULTANT 


RESULTANT 


(e)  Some  et  (d),  ettuming  1  and  2  fnitiolly  in  quodreture  phete 


1/ 

^  RE^tutANT 
2 


RESULTANT 

’’V— -f1 


iESULTANT 


(f)  Same  as  (d),  ottuming  1  ond  2  initially  neerly  out  of  phete 


USE  OF  ANTENNA  DIRECTIVITY  TO  BREAK  UP  FREOUENCV  RESPONSE  NULLS. 


m  j  e* 
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.  on  the  relative  phases  of  the  two  dowucoming 
the  pattern  nuU  *P«*  ^  ^  node  verges  are  in  pha.e. 

signal  components.  P»rt  t  f  .  ^asQ  opposition, 

part  (e)  in  phase  <p»adJ?ature  and  par  plng  of  the  pattern 

Since  the  variation  of  the  pdnr  pattern  C* 

-u. — u «w.  -  — -  -  —• 

varying  th.  MttW  < *  u  changed  W  M®  ««•  to 

one  or  more  U«*»  ««  #  e<mtrUutle».  »<  «'b  *>«••  11 

lor.  .  und  .«  ”“ln8  ;T"  n„.roll  ...VP  .1  a  r.u  .M«»  «  high  — 

is  possible  to  repeat  the  p  11|U  could  be  done 

pare.  with  -  ~  -  -  * 

by  motor  driving  **»•  P  Xn  the  arrangement 

continuous  phase  shift  amounts  to  a  roque^  ^  ^  ^  practical,  be- 

of  Fig.  Sta)  an  appreciable  <r®qU®n^  to  be  broadened 

— -  — ;  r,rr  :r.r::r  ::~  -  - *«- 

lneraaat  •»«“  ‘nt.rl.rlng  ^  ^  used.  each  con- 

gOMVW,  WO  .oparata  narro.  ^  pfcu.  (and  frnquehcy) 

to  »  ”  output' of '  their  r.sp.cuv.  if 

.Ml tin.  ean  then  be  bandwidth  or  IMerfarence. 

chains ,  ulthou.  “';r^“JU*‘rlvs„  pha„  shifter,  MX  frequency 
I.  practice,  WMl  <*  »  “‘"'""'“e  J.  initially  Identical, 

translation  can  be  ^  to  .  frequency  separated  fro. 

the  1-1  Odtpx*  "*  0M  ”®W  ltte  roob  .a  45  be.  Alternatively, 

that  of  th.  other  by  sew  conven  «  bandwidth  but 

-  —•  *  ““*T:  trie.  Zency  difference  is  un- 

different  .enter  ^  tto  Mghest  audio  -adulating  Ire- 

Important,  so  long  »»  l«  Is  »«**  *“ 

«*•«»»•  ,  ..  receivers  are  then  added,  the  sltua- 

«  th.  W  wiwgw  .  «  -  —  -  «  ,he 

tlon  a.  the  input  finals  el  ^  conUmlously  .t  a  rate  sum- 

phase  shifter  el  Fig.  2(a)  passband  of  the  sln- 

olent  to  produce  a  4S-hc  frequenoy  shift  and 

gle  receiver  had  been  broadened  accor  g  *  lov-pass  filter  whose 

Following  the  diode  detector  of  «*•  3  *S 
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FIG.  3.  MEANS  FOR  ACHIEVIMC  EFFECT  OF  FI6.  2  AUTOMATICALLY.  SUITABLE  AS  SHOWN,  FOR  DSB  AM 
RECEPTION* 


purpose  Is  to  reject  mny  45-kc  best  frequency  and  to  pass  the  desired 
modulation-fraquency  band.  In  order  to  produce  interferometer  action, 
the  gain,  o*  the  two  receivers  should  at  all  time,  be  equal.  Thus  an 
AGC  voltage  commoP  to  both  receivers  must  be  derived  from  the  single 

diode  load. 

The  operation  of  tb*  arrangement  of  FI*.  3  can  be  vinuellaed  1/ 
reference  to  tbe  «.a  forma  of  Fie.  4.  For  almpllclty,  let  It  be  aa- 
atmed  initially  Wat  only  on*  node  Is  preeent.  »s  In  Fig.  lM-  F»oh 
antenna  then  receives  .  steady  voltage  corresponding  to  that  node.  Fine* 
the  antenna,  have  equal  response  and  the  receiver  gains  are  equal.  the 
t»*  intermediate-frequency  voltage.  *111  be  eqoal  In  amplitude  and  *111 
b*.t  together  at  a  41-kc  r.te,  as  In  Fig.  4(a).  11  the  Incoming  tUM. 

is  awlltude  mode  la  ted  at  ac  audio  rato,  the  lnteoslty  of  both  received 
algnal  component.  .111  vsry  U  aynehtonism.  end  the  envelop,  of  th.  4*-le» 
neats  .ill  vary  *lth  time.  »»  in  Fig.  4(b).  The  demodulate!  enrelope  ot 
thia  wave  form,  appearing  st  the  output  terminals  of  the  to*-pess  filter. 
1,  sho*»  in  Fig.  4(c);  this  should  be  a  replica  of  th.  transmitter  modn- 

latiftg  voltagq. 
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SUMMATION  OF  THE  TWO 
IF  VOLTAGES 


to)  Plot  ol  woTt.g*  rfolloorotf  to  dla/e 
dttictorwvonly  oot  »M«  •.«•!••# 
im  •osk  g»lwM 


Sam*  •*  (ol,  iidmid  tTmO  iNh, 
•bowing  aioa*lotfot>iitg(»N| 
vaviotfono 


omi  crevl  or  a# 

ASSUMED  S1WJ0IDAI  , 
ffODULAtlHG  FtiQUtHCF 


one  cvete  op  an 

ASSUMED  SINUSOIDAL 
MODULATIN#  FREQUENCY 


|||  Audio  oulgul  iron  too'-pait  NTto* 
(dmodulatad  onvolofo  oi  4^8 


f  19.  4.  DIODE  DETECTOR  WAVEFOR*^  AS  III  FIG.\  FOR  CASE  WHERE  ONLY  ONE  INCOMING 
MODE  IS  PRESET  AS  IN  PIG.  t|4 


Vbtfl  *olt  tfia*  ct«  Incoming  fto4«  is  p*«s®a*.  th»  notion  of  the  oom- 
Jjjyjgj  am  (>•  Vts^Jaiiaed  with  th®  a |4  of  Pig*  5»  Assume  for  simplicity 
that  oft!/  t*>  redd  M»  fUCttSQflVi  ts  in  Fig.  l(c),  and  tha*  thef  ar®  o£ 
•<yfat  ihtetosit/o  *SSWn»  that  two  receivers  of  Fig.  3,  connected  to 
the£r  respective  atiterUaSf  Sr®  producing  the  idealized  polar-pattern 
Variation  illustrated  In  Fig.  s(q),  and  that  thls  variation  repeats  once 
per  cycle  of  4$-kc  difference  frequency.  The  resultant  i-f  voltage  which 
is  applied  to  the  diode  detector  c*n  be  found  by  constructing  phasor  dia¬ 
grams  tfcch  »s  those  shown  ia  parts  Cd)»  ant*  2  o£  F1s*  a*  ‘rb®  vsri- 

etion  of  the  amplitude  «f  this  resultant  during  one  cycle  of  the  43-kc 
difference  frequency  Is  6hown  at  the  left  in  Fig.  S.  Parts  (a),  (b)»  and 
(c)  of  Fig.  S  illustrate  the  envelope  of  this  resultant  for  the  three 

conditions  of  relative  phase  between  the  two  mode  voltages.  On  the  right- 

hand  side  in  Fig,  5  are  shown  amplitude-vs-frequency  curves  for  a  single 


•5> 


Mod*  voltoyai  180s  »p** 


RADIO  FREQUENCY 
CORRESPONDING  TO  THE  GIVEN 
unnF.vm  tire  PHASE  SHIFT 


h  INTELLIGENCE  J 
BANDWIDTH  H 


FREQUENCY 


INTELLIGENCE 

BANDWIDTH 


FIG,  %  0100%  DETECTOR  INPUT-VOLTAGE  WAVEFORMS  WHEN  TWO  MODES  PRESENT.  FOR  DIFFERENT 
FELAttV*  MOOR  VOLTAGE  PHASES,  SHOWING  EQUIVALENT  RADIO  FREQUENCY, 


aa«e<m%  «nft  |«aetvtt,  with  IndioaUng  th»  *n  «!»•  JTRiUo- 

tretuencp  *pe»«c«  aorre.pondlng  to  the,  thru  aseuaed  nUMv,  «*a- 
Tojtag®  pl*s**» 

j,  Ft|,  5(0.  the  M  »oda  voltage*  »**  »••“”•*  te  be  1»  *»**«. 

then  that  aaadlUon  appllaa.  »  *»«pl*  *««»’«  tMii  ‘ln4  *  “ 

the  fraddoeap  »peetrum  at  the  operating  previeacr.  «*•  phaee-stUts* 
setting  trhtoh  reeelta  la  the  polar  patter,  shoe*  la  the  alddU  dtagraa 
of  Kg.  ate),  the  tee  rods  voltage*  *111  be  received  with  eanal  “»*«* 
tude.  Oae  .111  he  received  la  as.  lobe  at  the  aatean*.  end  the  other  la 
the  alter.  Sines  the  phase  at  voltage  plated  up  la  aae  lob.  will  be  re¬ 
versed  with  respeet  to  that  plated  up  la  the  other,  at  that  particular 
instant  m  the  phase  ahlfter  or  dliference-fredueney  cycle,  the  two  node 
voltages  cancel  and  the  resultant  is  aero.  However,  ter  the  other  two 
polar  patterns  corresponding  to  the  other  pdaitlons  et  the  phase  shitter 

•  • 
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illustrated  in  Fig.  2(b),  the  mode-voltage  resultant  is  not  aero.  Thus, 
if  an  average  of  the  resultant  voltage  is  taken  over  one^cycle  of  the 
difference  frequency  (i.e.,  over  one  sweep  of  the  antenna  polar  pattern) 
a  finite  output  is  obtained.  The  value  of  this  average,  for  all  three 
relative  mode-voltage  phases,  is  Indicated  in  the  center  of  the  figure* 

Note  that  when  the  relative  mode  phase  is  180  deg,  which  results  in 
a  null  at  the  operating  frequency  In  &e  simple  receiver,  the  mode-aver¬ 
aging  receiver  has  an  output  whose  average  over  one  cycle  of  pattern 
variation  is  also  finite. 

Similarly,  a  quadrature  phase  relationship  between  the  mode  voltages 
results  in  an  average  value  not  far  different  from  the  averages  for  the 
other  two  values  of  relative  mode  phases* 

The  voltage  appe&ring  at  the  output  terminals  of  the  low-pass  filter 
of  Fig,  3  is  the  running  average  (over  the  45-k«  difference  frequency) 
of  the  sum  of  the  two  i-f  voltages  fed  to  the  diode  detector*  the  varfa* 
tion  of  this  average  with  relative  phase  of  the  individual  mode  Voltages 
is  shown  fn  Fig*  6.  Since  the  different  relative  phases  eorgespond  to 


|o|  Slngt*  KOhW 


(bj  Mod*>ov«(ogfng 


FIG,  6.  TRANSMISSION  VERSUS  FREQUENCY  CURVES,  SHOWING 
COMPARISON  BETWEEN  SINGLE  RECEIVER  AND  MODE-AVERAGING 
RECEIVER,  WHEN  TWO  EQUAL  MODES  ARE  PRESENT. 
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different  radio  frequencies,  fig.  6  is  also  a  plot  of  amplitude  of  re¬ 
sponse  vs  radio  frequency,  which  nay  be  compared  directly  with  that  of 
the  simple  receiver.  In  the  mode-averaging  receiver,  the  frequency  dis¬ 
tortion  over  t ho  intelligence  bandwidth  is  considerably  reduced,  elthough 
some  id  still  present.  To  the  extent  that  frequency  distortion  is  re¬ 
duced,  nodnlatioo  Should  sound  wore  natural.  In  addition,  with  ampli¬ 
tude  adulation,  the  intervals  of  overmoduietioi*  distortion  due  to  weak¬ 
ness  Of  the  carrier  should  be  less  frequent  and  less  intense. 


IV.  ADDITIONAL  comments 


The  idealized  polar  patterns  of  Fig.  2 (*)  %1H  hoi  be  too  well  ap¬ 
proximated  by  the  simple  interferometer  arrangement  illustrated  In  part 
(a)  of  that  figure.  However,  i*  eta  be  appreciated  that  virtually  any 
kind  of  a  polar-pattera  variation  resulting  fro*  aft  effective  phase  shift 
between  the  two  pickup  antenna*  will  tend  to  reduce  the  depth  of  a  null 
in  the  transmission  band  of  ft  dlnpU  ftateftftft  ftod  receiver.  A*  optimum 
arrangement  would  very  probably  call  for  ft  very  deep  eull  which  Is  swept 
through  the  entire  range  of  dcmeo»lft*  wave  aaglea  eons titu ting  ft  gtvee 
received  signal.  However.  It  seem#  dear  that  less-thaft-lde*!  poXar-pftt- 
tere  changes  will  still  give  useful  advantage. 

A  practical  difficulty  will  be  that  of  keeping  the  reiatfvt  gains 
cdt  the  two  receivers  nearly  equal  over  the  oonplete  AQG  oha^Acterlstto, 
alace  any  departure  from  gela  equality  at  some  particular  value  of  AGC 
voltage  will  have  the  effect  of  reducing  the  depth  of  the  desired  null. 

It  caa  also  he  seen  that  there  Is  no  simple  way  to  check  this  gain  equal¬ 
ity  by  Inspection  of  the  i  t  Waveform  a«o*s  the  Input  to  the  diode  de¬ 
tector.  dince  more  than  two  Incoming  nodes  will  be  preseat  during  ouch 
of  the  time  in  practice.  It  can  be  appreciated  that  the  t-f  waveform#  of 
Ffg.  3  may  he  very  eomple*. 

Spacing  the  aatennes  transversely  with  respect  to  the  direction  of 
the  distant  radio  transmitter  Will  produce  much  less  effective  aode  av¬ 
eraging.  Since  signals  teod  to  arrive  along  the  groat  circle,  AnteuftftS 
transversely  spaced  produce  one  or  more  pattern  nulls  which  sweep  1a  azi¬ 
muth,  rather  than  elevation,  *>  a  first  approximation,  a  multlpftth- 
interference-caused  null  in  the  received  transmission  band  «Ui  not  he 
altered  by  variation  of  the  azimuthal  polar  pattern  of  the  receiving  mm- 
tenna.  However,  in  practice  azimuthal  polar-pattern  variation  is  Seldom 
accomplished  without  some  Incidental  vertical-pUne-pattem  variation, 
which  would  undoubtedly  contribute  some  useful  mode  averaging. 

In  addition,  in  the  case  of  very  long  radio-transmission  paths, 
tbe  arriving  signal  energy  (although  roughly  centered  on  the  great  circle) 
often  deviates  momentarily  quite  substantially  from  the  great-circle  di¬ 
rection.  It  is  entirely  possible  that  the  ampUtude-of-trapsmission-vs- 
frequency  characteristic  of  signals  deviated  out  of  the  great  Circle  may 
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differ  substantially  from  that  of  energy  which  happens  to  have  traveled 
within  the  great-circle  plane.  To  the  extent  that  this  is  true,  useful 
mode  averaging  might  be  accomplished  by  changes  in  azimuthal  polar  pat- 


o 


„  order  for  this  technic  to  Action  property  in  the  pas.  of 
single-sideband  transmission,  the  reduced  or  missing  carrier  .«.«  * 
resupplied  or  exalted  within  each  receiver  prior  to  the 

bining  operation  itself.  This  is  necessary  for  the  properoper  ono^ 

.  tn  the  case  of  reduced-carrier  reception,  only  one 

the  diode  detector.  Ift  the  case  ot 

carrier-selecting  and  exalting  circuit  would  be  required,  since  t 

carrier-selecting  lntermedl.«e-<requencf 

of  common  local  oscillators  [except  fot 
conversion),  drift  in  the  receivers  can  be  cancelled. 
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VI. 


COMPARISON  with  other  combiners 


The  dual,  space-diversity,  amplitude-modulation,  radiotelephone 
combining  technique  of  Ref.  1  calls  for  two  receivers  so  interconnected 
that  the  common  audio  output  at  any  instant  is  supplied  entirely  by  that 
receiver  whose  antenna  picks  up  the  strongest  carrier  component.  Since 
reception  in  this  situation  is  effectively  that  of  one  receiver  and  one 
antenna,  mode-interference-caused  frequency  distortion  will  inevitably 
be  present.  The  principal  advantage  afforded  by  this  arrangement  is 
reduction  of  overmodulation  distortion  caused  by  fading  of  the  carrier, 
the  fame  advantage  may  also  be  had-at  lower  cost-by  use  of  exalted- 


cftrrier  recaption. 

frequency  distortion  cannot  be  eliminated  by  simple  addition  of  two 
independently  received  and  independently  fading  sets  of  sidebands.  Even 
though  a  “hole"  in  one  sideband  spectrum  will  appear  to  be  filled  by  a 
maximum  in  the  other,  “holes"  at  other  positions  in  the  combined  spectrum 
will  be  created  by  interference  between  oppositely  phased  signal  compon¬ 
ents.  Double-sideband  amplitude  modulation  is  in  reality  dual  frequency- 
diversity,  single-sideband  transmission  with  linear  addition  of  the  audio 
voltages  derived  from  each  set  of  side  frequencies.  It  is  well  known 


that  no  fading  advantage  results  from  this  arrangement. 

A  recent  approach  to  dual  space-diversity  combining  in  single-side¬ 
band  radiotelephone  practice  calls  for  division  of  the  audio-frequency 


range  Into  three  equal  subbands,  which  might  be  designated  as  A.  B,  and 
C.  The  total  speech  energy  In  subband  A  obtained  from  one  antenna  is 
compared  with  the  total  energy  in  subband  A  derived  from  the  second 
antenna.  By  means  of  an  audio  mixer  whose  setting  varies  in  accordance 
with  the  square  of  the  ratio  of  the  two  subband  signal  strengths,  the 
common  output  (in  the  frequency  range  of  audio  subband  A)  is  in  effect 
supplied  from  that  antenna  receiving  the  strongest  signal  in  subband 
Thus,  if  mode  interference  cause,  a  null  to  appear  in  the  subband  A 
range  of  one  antenna,  the  missing  audio  frequencies  can  in  general  be 


Supplied  by  the  subband  A  output  of  the  other  antenna. 

The  principal  difficulties  with  this  approach  are  practical.  The 
subband-selecting  filters  tend  to  introduce  phase  distortion  at  the 
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edges  of  their  passbands,  which  may  result  in  irregularities  in  the 
overall  transmission-vs-frequency  characteristic.  Careful  initial 
relative-gain  settings  are  required  for  best  performance  of  the  ratio- 
squared  combiners,  calling  for  skill  and  attention  on  the  part  of  opera¬ 
tors.  Finally,  it  is  found  in  practice  that  these  adjustments,  once 
found,  tend  to  drift  with  time,  thus  requiring  continued  supervision  on 
the  pdrt  of  operating  staff. 

The  reason  for  this  drift  Is  subtle,  and  appears  to  be  the  follow¬ 
ing.  With  few  exceptions,  receiving  stations  are  built  on  sites  having 
local  terrain  irregularities.  Thus,  there  will  be  minor,  but  nonethe¬ 
less  significant,  differences  in  the  vertical  polar  patterns  of  identi¬ 
cally  constructed,  spaced  antennas.  Ionospheric  transmission  normally 
involves  a  multiplicity  of  hops}  thus,  received  signal  energy  will  ar¬ 
rive  at  a  variety  of  vertical  angles.  Furthermore,  the  relative  inten¬ 
sity  of  each  of  these  signal  components  will  change  slowly  with  time, 
owing  to  polarization  changes  and  to  the  variable  focusing  effect  of 
ionospheric  inhomogeneities.  These  changes  typically  have  periods  in 
the  order  of  minutes.  It  can  accordingly  be  expected  that  the  total 
sideband  energy  picked  up  in  two  antennas  having  slightly  differing  ver¬ 
tical  polar  patterns  will  slowly  drift  with  time,  as  the  intensities  of 
signal  components  at  the  various  Vertical  angles  change*  It  Is  this 
drift  that  tends  to  upset  the  optimum  setting  of  relative  gain  In  the 
•  two  pairs  of  audio-frequency  channels. 

In  mode-averaging  combining,  the  two  antennas  of  a  space-diversity 
pair  are  in  effect  electrically  interconnected  and  form  two  elements  of 
what  can  then  be  considered  to  be  single  interferometer  antenna,  or  *tr- 
ray.  In  the  other  methods  o £  combining,  the  two  antennas  are  In  realit/ 
used  one  at  a  time,  except  t or  comparatively  brief  transition  Intervals. 
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VII  AN  ALTERNATIVE  MODE -AVERAGING  COMBINER  ARRANGEMENT 

The  essence  of  the  mode-averaging-combiner  approach  is  the  concept 
of  a  continuous  variation  of  the  relative  amplitudes  of  the  various  mode 
components  with  respect  to  one  another,  over  the  range  of  possibilities, 
so  that  an  average  of  the  resultant  (over  one  cycle  of  the  variation)  can 
be  found.  In  this  way,  it  is  never  possible  for  the  mode  components  com¬ 
pletely  to  cancel  one  another  out,  at  some  given  radio  frequency,  thereby 
producing  a  transmission  null  at  that  frequency.  The  transmission  null 
will  always  be  broken  up  by  altering  the  relative  magnitudes  of  the  mode 
components,  so  that  an  average  over  one  cycle  of  the  (pattern)  variation 
will  have  a  finite  value. 

The  same  effect  cannot  be  achieved  by  simple  switching  between  the 
outputs  of  the  two  receivers,  as  might  at  first  seem  plausible. 

A  mode-averaging -combiner  arrangement  alternative  to  that  shown  in 
Fig.  3  takes  advantage  of  the  fact  that  the  polarization  of  the  various 
received  mode  components  differs,  in  general,  from  one  to  another.  Thus, 
•  the  relative  intensities  of  the  various  mode  voltages  can  be  changed 
merely  b*  rotating  the  plane  of  polarization  of  the  receiving  antenna. 

If  the  antenna  is  a  simple  dipole  (or  the  equivalent),  this  rotation  can 
be  synthesized  electronically,  at  a  high  rate  of  speed.  The  probability 
that  the  received  signal,  at  apf  given  radio  frequency,  will  disappear 
completely  dbring  aa  entire  rotation  of  the  antenna,  is  comparatively 

small. 

Figure  ?  shows  how  this  might  be  done.  In  this  situation  the  re¬ 
ceivers  are  identical,  With  identical  i-f  output  frequencies.  Conversion 
oscillators  must  be  locked  together  in  phase.  The  receiver  outputs  are 
connected  to  a  balaneed-modula tor-like  arrangement,  which  varies  the  re¬ 
lative  magnitudes  and  phases  of  the  receiver  outputs  in  such  a  way  that 
there  is  delivered  to  the  diode  detector  a  voltage  equivalent  to  that 
from  a  simple  receiver  connected  to  a  physically  rotated  dipole. 

Once  again,  the  low-pass  filter  averages  over  the  effective  antenna 
rotation  period  and  permits  the  audio  intelligence  to  be  passed. 

It  is  possible,  of  course,  for  this  combiner  to  be  deceived  by  cer¬ 
tain  special  situations.  For  example,  suppose  that  only  two  incoming 
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modes  were  present  at  some  radio  frequency,  that  their  instantaneous 
phases  were  in  exact  opposition,  and  that  their  polarization  was  exactly 
the  same.  In  that  event,  antenna  rotation  would  be  of  no  avail.  How¬ 
ever,  the  probability  that  both  signal  components  should  have  exactly 
equal  polarizations  at  any  given  instant  seems  small. 


FIG.  7*  SIMPLIFIED,  ROTATING  POLARIZATION  DIVERSITY  COMBINER. 
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VIII.  CONCLUSIONS 


Mode-averaging  diversity  combining  of  either  kind  does  not  require 
any  more  antennas  or  receivers  than  are  now  used  in  dual  space-diversity 
receiving  installations.  They  therefore  appear  to  be  practicable  alter¬ 
natives  to  existing  schemes. 

It  can  be  said  that,  whereas  existing  combiners  accept  the  mode  in¬ 
terference  and  attempt  to  patch  up  the  trouble  after  it  has  happened, 
the  mode-averaging  combiner  attacks  the  trouble  at  its  source,  by  break¬ 
ing  up  the  conditions  which  permit  establishment  of  a  mode-interference 
transmission  null  in  the  modulation  passband. 

When  compared  with  simple  combining  of  the  conventional  kind,  mode¬ 
averaging  combining  appears  to  offer  significantly  better  performance. 
When  compared  with  the  more  sophisticated  versions  of  conventional  radio¬ 
telephone  diversity  combining,  mode  averaging  appears  to  offer  greater 
operating  simplicity. 
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